Abstract-Recognition and treatment of secondary causes of hypertension among patients with resistant hypertension may help to control blood pressure and reduce cardiovascular risk. However, there are no studies systematically evaluating secondary causes of hypertension according to the Seventh Joint National Committee. Consecutive patients with resistant hypertension were investigated for known causes of hypertension irrespective of symptoms and signs, including aortic coarctation, Cushing syndrome, obstructive sleep apnea, drugs, pheochromocytoma, primary aldosteronism, renal parenchymal disease, renovascular hypertension, and thyroid disorders. Among 125 patients (age: 52Ϯ1 years, 43% males, systolic and diastolic blood pressure: 176Ϯ31 and 107Ϯ19 mm Hg, respectively), obstructive sleep apnea (apnea-hypopnea index: Ͼ15 events per hour) was the most common condition associated with resistant hypertension (64.0%), followed by primary aldosteronism (5.6%), renal artery stenosis (2.4%), renal parenchymal disease (1.6%), oral contraceptives (1.6%), and thyroid disorders (0.8%). In 34.4%, no secondary cause of hypertension was identified (primary hypertension). Two concomitant secondary causes of hypertension were found in 6.4% of patients. 
H ypertension (HTN) affects approximately one third of the adult population and remains the most important cardiovascular risk factor in the general population. 1 Twenty to 30% of the hypertensive population have resistant HTN defined as uncontrolled blood pressure (BP) despite the concurrent use of 3 antihypertensive agents, including a diuretic, or the need for Ͼ3 medications to control BP. 2 Patients with resistant HTN represent a special risk group because they are at increased risk of target organ damage and cardiovascular complications compared with patients with well-controlled HTN. 3 The systematic search for secondary causes of HTN is mandatory among patients with resistant HTN, 4 because it includes reversible conditions that may help to control BP. Moreover, the prevalence of secondary causes of HTN is thought to be greater in patients with resistant HTN than in patients with controlled HTN. 2 Previous studies reported that the most prevalent causes of secondary HTN are renal parenchymal disease and renal artery stenosis. 2 However, the prevalence of secondary causes of HTN in patients with resistant HTN quoted in current guidelines is derived from studies with several limitations, including the selection of only certain categories of secondary causes of HTN, failure to classify resistant HTN according to contemporary definitions, and absence of systematic evaluation of the most frequent causes of HTN. 5, 6 Obstructive sleep apnea (OSA) is characterized by recurrent episodes of partial or complete upper airway obstruction during sleep. 7 OSA has been newly recognized as a secondary cause of HTN according to the Seventh Joint National Committee. 4 There is mounting evidence that OSA is common among patients with HTN, ranging from 37% 8 to 56%. 9 Among patients with resistant HTN, the prevalence of OSA is extremely high, ranging from 70% 10 to 83%. 11 However, these previous studies were small and performed in a single center. More importantly, all of these investigations in patients with resistant HTN did not evaluate the predictors of OSA in this population and also did not investigate the other causes of secondary HTN. OSA triggers a cascade of adverse effects, including increased sympathetic activity, systemic inflammation, and metabolic dysregulation that may contribute to poor BP control. Moreover, the treatment of OSA by continuous positive airway pressure during sleep can reduce BP in patients with masked HTN, 12 sustained, 7 and specially in resistant HTN. 13 In the present study, we sought to systematically investigate the prevalence of secondary causes of HTN among patients with resistant HTN. Based on the recent literature, 11 we hypothesized that OSA is the most common known secondary cause of HTN associated with resistant HTN. Because OSA is largely underdiagnosed in the resistant HTN population, 10, 11 we also sought to investigate clinical predictors of OSA.
Methods

Patients
Consecutive patients with resistant HTN evaluated in the outpatient hypertension units of 2 independent cardiology hospitals in São Paulo, Brazil (Instituto do Coração-InCor, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, and Instituto Dante Pazzanese de Cardiologia), were recruited in the period from February 2008 to April 2010. Resistant HTN was defined as uncontrolled office BP (Ͼ140/90 mm Hg) despite the concurrent use of 3 antihypertensive agents of different classes prescribed at optimal dosage, including a diuretic or the necessity of regular use of Ͼ3 medications to control BP. 1 BP measurements were determined on separate occasions by Ն3 readings of systolic and diastolic (phase V) BPs obtained at 5-minute intervals with a conventional mercury sphygmomanometer, after patients had been seated for Ն15 minutes. BP values were determined by the average of the 2 last measures. In the first evaluation, BP was also measured in the lower limbs using an appropriate cuff to determine whether significant differences in BP (Ͼ20 mm Hg) between upper and lower limbs were present to suggest coarctation of the aorta.
Evaluations
All of the patients underwent a clinical and routine laboratory evaluation, which included measurement of glucose, total cholesterol, low-density lipoprotein, high-density lipoprotein, triglycerides, hemoglobin, and creatinine levels. Patients were classified as having metabolic syndrome, as described previously. 14 Obesity was considered when body mass index was Ն30 kg/m 2 . Twenty-four-hour ambulatory BP monitoring was performed with a SpaceLabs device (model 90207, SpaceLabs, Redmond, WA). Briefly, BP was measured every 10 minutes during the day (8:00 AM to 11:00 PM) and every 20 minutes during the night (11:00 PM to 8:00 AM). A nondipping pattern of BP during the night was defined as a drop in systolic or diastolic BP of Ͻ10% compared with daytime BP.
All of the participants were submitted to a standardized evaluation described below to investigate secondary causes of HTN irrespective of any clinical sign or symptom. If no secondary causes of HTN were identified, patients were considered as having primary HTN. The local ethics committees approved the protocol, and all of the participants provided written informed consent before participation. Patients who did not undergo a complete evaluation or who did not fulfill criteria for resistant HTN were excluded.
Investigation of Secondary Causes of HTN
Obstructive Sleep Apnea
All of the patients were evaluated by full polysomnography in the sleep laboratory using standard techniques and scoring criteria to monitor sleep stages and arousals from sleep, as described previously. 15, 16 Apneas were defined as a total absence of oronasal flow for Ն10 seconds and hypopneas as a clear decrease (Ͼ50%) in amplitude of oronasal flow for Ն10 seconds, followed by a 3% desaturation and/or arousal. The apnea-hypopnea index was obtained by dividing the total number of apneas and hypopneas by total sleep time. OSA was considered present when apnea-hypopnea index was Ն15 events per hour of sleep. This conservative cutoff was adopted because of the greater impact of moderate-to-severe OSA on BP control. 17 Snoring was considered to be present if Ն2 of the following characteristics were present, snoring louder than talking, snoring Ͼ3 to 4 nights a week, snoring that bothered the bed partner, and awareness that they stop breathing during sleep Ͼ3 to 4 nights a week referred by the bed partner. The Epworth Sleepiness Scale was used to evaluate the degree of subjective excessive daytime sleepiness. Briefly, the patient rates the probability of falling asleep (0 -3) in 8 different situations, and a score Ͼ10 points represents the presence of excessive daytime sleepiness. 18 A neck circumference of Ն41 cm or Ն43 cm for women and men, respectively, was used to identify a body habitus that put subjects at increased risk of OSA. 19 
Primary Aldosteronism
Paired morning plasma aldosterone and plasma renin activity were performed. Patients under spironolactone use withdrew this medication 3 weeks before the blood sample. In patients with aldosterone:renin ratio Ͼ20, aldosterone suppression test was performed according to current guidelines. 20 Briefly, primary hyperaldosteronism was diagnosed when plasma aldosterone determined after 2 L of intravenous saline infusion over 4 hours was Ͼ10 ng/dL. 20 To diagnose aldosterone-producing adenoma or adrenal hyperplasia, all of the patients with confirmed primary hyperaldosteronism were submitted to a computed tomographic scan of the adrenal glands.
Renal Artery Stenosis
Doppler renal artery ultrasonography or renal scan with 99 Tcdiethylene triamine penta-acetic acid (DTPA) was performed as the screening methods according to physician discretion. Doppler renal artery ultrasonography measurements were performed using a 3.5-MHz transducer (Toshiba Aplio XV, Crawley, West Sussex, United Kingdom). The pulsatility index was calculated, and a side-to-side difference of Ͼ0.20 was used as a criterion for renal artery stenosis. In addition, acceleration of the blood flow velocity during early systole 21 was measured, and an acceleration of the blood flow Ͼ3 m/s 2 was used as a criterion for renal artery stenosis. Renal scan with 99 Tc-DTPA was performed using a large field of view gamma camera (Siemens Basicam, Milpitas, CA). One-second images were acquired immediately after the bolus injection of 740 mBq 99 Tc-DTPA during the first minute, followed by 30 images with 1-minute duration. The exams were analyzed visually, and 2 time-activity curves were also generated 22 for the first minute (flow time-activity curve) and for the remaining 30 minutes (function curve). Individual renal relative function was considered abnormal if there was a difference of Ͼ10% between the kidneys. Patients with a positive screening for renal artery stenosis underwent gadoliniumenhanced magnetic resonance arteriography and, if necessary, were further referred for catheter angiography for final diagnosis and treatment of renal artery stenosis.
Renal Parenchyma Disease
In all of the patients, measurement of serum creatinine was performed. Patients who had a estimated glomerular filtration rate Ͻ30 mL/min based on the Modification of Diet in Renal Disease study equation 23 were defined as having renal parenchyma disease, as advised by current guidelines. 2 
Other Causes
History of alcoholism, adrenergic medications, and oral contraceptives was systematically investigated. Pheochromocytoma was screened by determination of 24-hour urinary excretion of metanephrines. Serum thyroid-stimulating hormone and free thyroxine were measured to evaluate thyroid function. Patients with systolic pressure differences between upper and lower limbs Ͼ20 mm Hg were further investigated for aortic coarctation. In addition, all of the patients had a chest radiograph. Patients with clinical signs and symptoms of Cushing syndrome were evaluated by measurements of 24-hour urinary free cortisol. 2 
Statistical Analysis
Quantitative variables were expressed as meanϮSD. Categorical variables were expressed as frequency distribution and were compared using the 2 or Fisher exact test. Univariate and multiple logistic regression (backward stepwise) analyses were used to determine the predictors of OSA in the entire population. Possible explanatory variables used as independent variables included demographic, clinical, and ambulatory BP monitoring values. Variables with a P value Ͻ0.1 in univariate analysis were entered into the multivariate model. A P value Ͻ0.05 was considered significant. Data were analyzed using the Statistical Package for Social Sciences, version 17.0, statistical software (SPSS, Chicago, IL).
Results
We initially evaluated 186 patients during the recruitment period, and 61 were excluded, resulting in a population of 125 patients ( Figure 1 ). The population studied was generally middle aged, with a slight majority of women (Table 1) . Secondary associated causes of HTN are summarized in Figure 2 . OSA was present in 64.0% of the patients. Severe OSA (apnea-hypopnea index Ն30) was present in 40 patients (32.0%). Plasma aldosterone/renin Ͼ20 was present in 14 patients (11.2%). These patients underwent an aldosterone suppression test, and only 7 patients (5.6%) were diagnosed as having primary aldosteronism. Computed tomographic scan of adrenal glands was performed in the latter group (nϭ7), and 1 patient was diagnosed with aldosteroneproducing adenoma (0.8%). Thirteen patients had a positive screening test for renal artery stenosis. Among this latter 
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group, 3 patients were identified as having renal arterial stenosis after complete evaluation. Only 2 patients (1.6%) presented estimated glomerular filtration rate Ͻ30 mL/min and were defined as having renal parenchyma disease. Chronic kidney disease of lesser severity (estimated glomerular filtration rate Ͻ60 mL/min) was present in 32 patients (26%). Eight patients (6.4%) had OSA plus another secondary cause of HTN, including 4 patients with primary aldosteronism, 2 patients with renal parenchymal disease, 1 patient with hypothyroidism, and 1 patient with renal artery stenosis. Forty-three patients (34.4%) had no identifiable causes of HTN and were considered as having primary HTN. There were no differences in the frequency of secondary forms of HTN between the 2 centers ( Figure S1 , available in the online Data Supplement, please see http://hyper.ahajournals.org). The characteristics of the population according to the presence or absence of OSA are presented in Table 1 . Among patients with OSA, age, body mass index, and the proportion of men and of those with metabolic syndrome were higher than in patients without OSA. Twenty-four-hour ambulatory BP monitoring values did not differ between patients without and with OSA in these patients with resistant HTN (Table 2) . Laboratory and sleep study results of the entire population, and divided according to the absence or presence of OSA, are presented in Table 3 . The level of serum creatinine was higher and of high-density lipoprotein cholesterol was lower in those with compared with those without OSA.
We also investigated the characteristics associated with OSA. Sensitivity and specificity for both abnormal systolic and diastolic BP dipping patterns during the night to diagnose OSA were 64% and 39% and 47% and 64%, respectively. Large neck circumference and diabetes mellitus had low sensitivity (33% and 36%) but high specificity (84% and 80%), respectively, to diagnose OSA. Snoring and dyslipidemia also had relatively high sensitivity (87%) but poor specificity (57% and 30%), respectively, to diagnose OSA. Univariate logistic regression identified male sex, large neck circumference, snoring, metabolic syndrome, age Ͼ50 years, and obesity as predictors of OSA among patients with resistant HTN. A multivariate model identified large neck circumference, snoring, and age Ͼ50 years as independent predictors of OSA among patients with resistant HTN (Table  4) . After performing a collinearity test, we excluded multicollinearity in the variables included in our model.
Discussion
Our study systematically evaluated for the first time the usual forms of secondary HTN using the contemporary classification adopted by the Seventh Joint National Committee 4 and included an evaluation for OSA in a consecutive sample of patients with resistant HTN from 2 independent tertiary centers. Our data gave rise to several novel findings. First, almost twos thirds of the patients presented some secondary cause of HTN, a much higher prevalence than described in previous studies. Second, OSA was by far the most common secondary condition associated with resistant HTN. Third, snoring, age Ͼ50 years, and large neck circumference were predictors of OSA in this population. In contrast, excessive daytime sleepiness, a common symptom in patients with Variables with skewed distribution are presented as median (interquartile range) unless otherwise specified. AHI indicates apnea-hypopnea index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OSA, obstructive sleep apnea; SaO 2 , arterial oxyhemoglobin saturation. Data are presented as odds ratios (95% CIs).
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OSA, was not a good predictor of OSA in this resistant HTN population. Because the treatment of OSA can reduce BP, our results, therefore, suggest that the systematic search for and treatment of OSA should be included in the management of patients with resistant HTN. The prevalence of secondary causes of HTN is believed to be higher among patients with resistant HTN than in the general hypertensive population. 2 However, most studies of causes and prevalence of resistant HTN quoted in text books are Ͼ30 years old, before contemporary concepts, such as definitions, investigation, and management of HTN, were well defined, and more importantly, before OSA became recognized as a secondary cause of HTN. Primary aldosteronism was found in 5.6% in our population and is, therefore, in line with some of the previous studies that showed a prevalence ranging from 5% to 25%. The reasons for a much higher prevalence of primary aldosteronism in a few studies may reflect a referral bias related to the search for only 1 specific disease. 5 The prevalence of renal parenchymal disease in our study (1.6%) is within the range of that reported in the literature (2% to 5%). 24 Therefore, the most important and novel finding of our study was that the most common secondary cause of HTN that we identified in our resistant HTN population was OSA. The 64% prevalence of OSA is consistent with previous smaller studies that suggested a prevalence of OSA of Ϸ80%. 11 One recent study evaluated secondary causes of HTN in a heterogeneous group of patients who visited an emergency department with a diagnosis of hypertensive urgency/emergency. OSA was present in 70.8% of the patients, whereas other causes of HTN were much less common. 25 However, this study did not involve patients with resistant HTN, and some patients had no previous history of HTN. Our study, therefore, makes a significant contribution to the literature by showing that, compared with other recognized secondary causes of HTN, OSA was far more commonly associated with resistant HTN.
The reasons for the high prevalence of OSA among patients with resistant HTN are probably multiple. First, both resistant HTN and OSA may share common risk factors. The population studied in the present study was obese (body mass index: Ϸ32 kg/m 2 ). Obesity, a common feature of patients with resistant HTN, is also a well-known risk factor for OSA. 17 Second, recent evidence demonstrates that, compared with patients with controlled HTN, those with resistant HTN have a higher apnea-hypopnea index that is proportional to a greater degree of fluid volume displacement from the legs into the neck overnight. Such overnight rostral fluid shift may play a major role in the genesis of upper airway obstruction during sleep. 26 Lastly, the high prevalence of OSA among patients with resistant HTN may be an indication that OSA is contributing to their poor BP control. There are several mechanisms by which OSA could contribute to poor BP control. These include increased sympathetic nervous system activity, decreased baroreflex sensitivity, vascular endothelial dysfunction, and altered metabolism of salt and water. [27] [28] [29] The observation that treating OSA in patients with resistant HTN causes a greater fall in BP than in normotensive patients and patients with controlled HTN supports a causal relationship between OSA and drug-resistant HTN. The treatment of OSA with continuous positive airway pressure can reduce BP, 13, 30, 31 and, therefore, diagnosis and treatment of OSA may play a significant role in the management of patients with resistant HTN. However, these studies did not provide strong evidence yet, and further studies evaluating the effect of continuous positive airway pressure treatment on BP control are necessary.
Despite the growing awareness of OSA, it is estimated that most patients remain undiagnosed. One reason for this may be a lack of daytime somnolence, as indicated by relatively low Epworth Sleepiness Scale scores in our patients with OSA (Table 3 ). This symptom, one of the main reasons for referral to sleep laboratories to rule out OSA, was not a predictor of OSA in our study. It has been shown that, compared with patients without cardiovascular diseases, those with heart failure and stroke have less subjective daytime sleepiness at any given level of OSA severity. 32, 33 It may be that, for reasons yet to be determined, patients with resistant HTN also have relatively little daytime somnolence. 9, 34 The lack of daytime somnolence in patients with resistant HTN and other cardiovascular diseases may help to explain the low clinical suspicion and recognition of OSA in patients with these disorders. 9 We have demonstrated that, in our patients, increased age, large neck circumference, and snoring are useful tools for predicting OSA. The nondipping pattern of BP during the night has been reported as a feature of patients with OSA. However, these reports did not specifically address patients with resistant HTN. 35 In contrast to those reports, we were not able to find an association between the nocturnal dipping pattern and the presence of OSA. It is possible that antihypertensive medications attenuated this phenomenon.
Our study has some limitations. One potential limitation is that patients with severe forms of renal parenchyma disease may be referred directly to a renal clinic, decreasing its frequency in our population. However, there were no restrictions to evaluate patients with renal disease and resistant HTN in both cardiology centers. Second, adrenal vein sampling for aldosterone measurement is the most appropriate method to determine subtypes of primary aldosteronism rather than blood samples and adrenal imaging. However, this procedure is invasive and not used in clinical routine. Finally, because of the cross-sectional nature of this study, it is not possible to demonstrate that the secondary forms of HTN identified in our patients were causes of their resistant HTN. However, because there is a growing body of evidence that the treatment of OSA reduces BP, it is likely that, in many instances, treatment of OSA would lower BP. Strengths of our study are the relative large number of patients evaluated, the strict protocol used following current recommendations to evaluate resistant HTN, and the involvement of 2 cardiology centers dedicated to evaluating patients with resistant HTN, suggesting the generalizability of the results.
Perspectives
Our study demonstrated that OSA was the most common coexisting treatable secondary form of HTN associated with drug-resistant HTN. Age Ͼ50 years, large neck circumference measurement, and snoring are good predictors of OSA in this population. These findings may help to improve the recognition and treatment of OSA that ultimately may contribute to decrease the cardiovascular risk in patients with resistant HTN.
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